STUDIES ON SEASONAL ANAEMIA IN THE ROTTNEST ISLAND
QUOKKA, SETONIX BRACHYURUS (QUOY & GAIMARD)
(MARSUPIALIA; MACROPODIDAFE)

by S, BARKER™

Summary

HBanxer, S, (1974).—Studics on Scasonal Anaemia in The Rotinest Istand Quokkz, Srionis
brachyurns (Quoy & Gaimurd) (Marsupialia; Macropodidae}. Trans R. Soc 8. Awvl.
98(1), 43-48, 24 February, 1974,

A population of he quokks, a4 smull marsupial. lives on Rottnest Island, which lies off
the west coast of Auvstralia. Most of the anoual rainfall occours during the winter and there
s 9 summer drought. During the summer no frec water is available 10 quokkag living on
the West End of Rottuest 1. Water is available alb this time to quokkas living in 1he centre
of the island, The population of quokkas undergoes an annual weight cycle and an associated
<ycle in haematolopical condition. They are at their peak weight and their blood counts are
normal at the end of spring. By the cnd of summer, there has been u large decrease in body
wejght and an astociated decline in huematological condition. The factors contribuling to the
cycls are reviewed. Depressed food intake during the summer Jouding to inadequate nutrition
is probubly the major cause of the observed cycle.

Introduction

Rottnest island, lying west of Fremantle,
Westerst Australiz, was named hy de Viamingb
in 1696 after the small wallaby that was abun-
dant lhere at that time and which he mistook
for a rodent. This wallaby, the quokka Sefonix
brachvurus (Quoy & Gaimard}, is. still abun-
dant on the island (Ilodgkin & Sheard 1959).
The total urea of Rottnest 1s 1900 ha, of which
200 ha iy covered by salt lakes. Fresh-water
seepages oceur on the shores uf several of
these and urc importunt ag water sources for
the guokkas. during the summer.

The islapd is 9.7 km long und 4.8 km wide
at the maximum width and the long axis 1
orienlated ronghly east-vest. At 6.4 km from
the. castern end, the island is constricted 1o o
nirrow tieck of land some 180 m wide and
further west the island broadens out to a maxi-
mum width of 0.7 km. The part of the island
west of the narrow neck is known by the gen-
cral name of West Ead. All of ihe salt lakes,
secpapes and the few fresh-water soaks are
confined 1o the middle and eastern end of the
idund and none are known further west than
near the main lighthouse, situated on the high-
est hill which is it the middic of the island.

Weather conditions on Rotinest 1. are simi-
lar ta those on the nearby mainland. except

that annual sainfull (734 mm) is 150 wm Jcss
and maximum and minimum temperatures are
less extreme. The overall pattern is oné of win-
ter rpinfall and summer drought. During sum-
mer, maximum daily temperatures can bo in
excess. of 38°C and temiperatures ahave this
figure have been recorded during November-
March. Mean rainfall during the same period
is- 14 mm per month in November und March,
10 mm in Decembeér 4nd February, and 6 mm
in January. No (ree surlace water is availuble
to West End quokkas in the summer except
after occasional thunderstorms when surface
pools may formi but qujckly disappear. The
scason usuylly: breaks in Aprnl when gencral
winter rains commences Maximum montbly
rainfall occurs in June

When Europeans first settled in Western
Australia, the predominant trees on Rolinest
I. (Somerville 1954) were the Roftnest pine,
Callitris preissi Miq., ti-tree, Melalewca pube-
scens Schau., and coastal wattle, Acacia ros-
rellifera Benth. Since the establishment of a
prison on the island in 1838, changes occurred
in the vegetation caused by cledring, fires and
overgrazing by quokkas (Storr 1963}, At the
present time pincs have almost disappeiied,
waltle now occupies only a small arca and ti-
trecs occar  sporadically. The predominant

* Department of Zoology, The University of Adelaide. Adslaide. 5. Anst 5001
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plant ussociation which hay increased i area
since sertlernent 1v a heatli of Aconthocaryg
preissit Lehm, - Sipa variabilis Hughes (Storr
et ul, 1959), The samphires, Artlirocnemim
arhuseule (K. Br). Mon., A, halncnemoides
Nees, and Salicornia australis Banks et Sal,,
rrow around the salt Jakes and soaks, some of
which arc fringed by swordgrass, Galinia rrifida
Lahill.,, and 1he sedge. Scirpus noduses Rotth.,
both forming a dense cover heavily utilised hy
guokkas. A flora list has been published by
Storr (1962),

The quokka is one of the small members of
the family Macropodidae. Adult females weigh
from 2.5:3.0 kg and adult males from 3.5-4.5
k. Its relationships with-the test of the group
have been tiscussed by Sharman (1954) and
Ride (1957). Moir et al. (1954, 1956)
descrihed  ruminanit-like  digestion i the
gunkku, which has u well developed bacterial
popolation in the fote-stomach and pre-gasitic
fermentation. Blood glurose and plusma vola-
tile fatty acid concenlrativns ate intermedidte
between those of ruminams snd rabbits (1.
Batker 1961).

Quokkas oteur all over Rottrcst I, bur duy-
ing summer those living m the cential pait of
the ilund congregate in the vitinity of fresh-
waler scepages on the edges of the <alt lakes
and near the fresh-water soaks, They graze the
mat of salt-water couch, Sporohelus virginicus,
(L.} Kunth, so close that it becomes a typical
‘marsupial lawn’, similar fo those seen in Tas-
mania (Ridputh 1964) and other arcas of
Australia. They live in high density on the
castern end of the island. under the houses
used for lourist accommodation, and they are
addicted garbuge feeders. The smallest popula-
lion probshly occurs between the mamn light-
house and West End. There sccms to be a
fairly constant population (Niven 1970)1 living
nu West End, which shows local feeding move-
ments dunng summer {Nicholls 1971, They
do riot migrate (rom West End tn fresh-swater
sources during the height of summer 8r {rideed
at auy time of fhe year (Dummet 1962).

Work ot the vvology of the quokka. popu-
Fahioy on Rottnest T, commenced with a tay-
ging programme in November 1953, The sum-
mer of 1053/5¢ was hot and dry and hy
March 1954 muany yuokkas were cmaciated
and same were dying. Reséarch was com-

meneed 10 find out why animuls were dying
amd whist fuctors were coptrolling population
nunibers (Waring 1956). The progress made
on these problems i the main subject of this
paper.

Seasonal Anuemia

In 1953 it was found that huemugiobin con-
centrations of quokkas caught in the ceptre of
the island in sommer were fmich less than
those of yuekkas Kept in the yards of the
Zoology Department, Universily of Wedtern
Australia, ul the sume time of the year (War-
ing 1956). The firsl possibilily considered was
the nccurrence af & seasonal deficiency of cop-
per. cobalt or both. It wis known at thut 1ime
that the guokka had mgmipantlike digestion
{(Muir et 2. 1953, 1956), that sheep quickly
dic on Raunest frotn copper and cobalt defici-
ensv, und that deficiencics of both copper and
coball i rumimants result i0 wndentis. By
analowy, thee same deficizncies might have been
affecting the quokkas, Barker {unpublished)
collceted serwm sumiples trom dninials captured
at West Eod and at lake Bagdad over an 18
month pesiod. The sunples were assayed for
vitamin Bia (by the Hacmutology Department,
Royal Perih Hespital) using Eugleird ps the
test organism. Mcan serum vilamm 82 con-
centration of unimals cavght near Lake Bagdad
was vely nitich greater than thut ob animals
caught: at West End sl all 1imes of the year
(mueans vairying between 2.000-4,500 pa/n ax
asainst a mean of around 1,000 pg/mlby. The
West Ind animaly showed o slight annual
Auctuation with the lowest mean serum vili-
min Bie conceniration in the spring and the
highest iri summer, None of these animals had
concentrations low enoueh to indicate cotalt
deficieney when comparted Lo the concenins-
tions measured in animals that had been fed
very low. ¢obalt intakes for severul months
(RBarker unpublished),

Blood copper analyses of Lake Dagdad
guokkas showed @ posinve correlalin with
hacmoglolin coneentration but this melgtion-
ship was nat found in West End quikkas. It
wis considered thut only in the Luke Bugdad
population “was copper deliciency  likely 1o
exert any clflect. nn hlood parameters and. then
it was only Likely to be one factor associated

P Niven presented a compuier sludy will nwubers calenlared from dura fur the West End quokka
population between 1935-63, based on Holdsworth, W.N. (1964) —Marsupial hehaviour with spesiul
ieterence to anululinn hameostasis 11 the quokkas on the West Find of Rotinest Islund, Ph,0 thesis.

University of Western Australii (unpublished).
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with the develapment of scasonal shaemia
{Burker 1981).

Shield (1959) found that. hacmatologica!
counts fluctuated with scason and were Correla-
ted with changes in body welght, Adult
quokkas from West End and from around
Lake Bagdad were in peak condition in the
spring. Their hody ‘weight was maximal #nd
their blood counts were normal. 8y the end of
summer therc was 4 meun dezline of -up 1o
25¢% in body weight and there was. a simifar
reduction in red cell ‘paramefers. “There were
differences batween gquokkas caught in the two
areas in that West End animals showed higher
maxyma in spring and lower mintma in guiomn
than those from Luke Bagdad.

The possibility of disease causing the anae-
mia was discounied. as white cell counts were
lower in the summer than in the winter, where-
as 1l would be expectzd thal white cell num-
bers would increase if discause occusred in the
summer. Dehvdeation was not thought to be a
contribuling factor to the decline in condition
of West End animals, as Shickd (1959} had
found that quokkas kept for 6 months withois
access: o drimking water, lost weight but had
increased plasma protein concentration. FHew-
ever, it is unlikely that West End quokkas
would expericnce such severe dehydration.
Storr (1964a) calculuted that they had a daily
water intukc of about 130 mi gained from
water contuned in their plant food. Shicld
(1959) found that in West Fnd guokkas,
haematotrit and plasma proteln ¢oncentraiion
declined during the summer period. In a later
study (Shicld 1971) he found that plasmz vol-
ume of ficld animals was unchanged through-
out the year. Clearly, the field animals. were
fiot ¢xperiencing the acute dehydration scen in
the yard animals that did not have access to
drinking water, However, the possibility that a
fesser or more chronic degree vf dchydration
iv vecuering an the fiell cannot be excluded
and this could agaravate the quokkas’ condi-
tion. As a resull of his studies, Shicld (1959)
(Muin 21 al. 1959) suggested that the quokkas
were olfected annnally by ‘severe semi-stayva-
tion', which Main (1868, p. 89) intcrpreted
as protein deficiency.

In a sty of the plants calen by Lhe quokka,
Storr (1964a} made calculations of the nitro-
pen and water imtakes of guokkas from differ-
estt localities on the island al different iimes of

the year. The figures he used for mitrogen
requitements of male guekkns were those of
Brown (1964)* from one adult. male guokke
tsed in two senies of nitnogen balance irlals
Extrapoluting from this data, Store (1964a)
stuted that an sdolr male quokka requires 0.6
g N/day ta remain in positive nitrogen bal-
ance. He calculated mean nitrogen intuke at
different. localities on the iland at different
times of the year and concluded that yuokkas
ut Cape Viamingh had a large surplus of nitro-
gen in wintce and a varying deficit in late
summer. There 13 no doubt that Storr's ue of
the data of Brownp (1964) is an oversimplifi-
catian: for example 3 of thc ¢ adull male
quokkas uxed in a feeding trial hy Calaby
(1958) were in negative nitrogen  halance,
although Iheir daily nitrogen intske ranged
trom 1,3-1,6 g N/day. The diets used by
Calaby werc not comparable o {hat uscd by
Brown {1964).

Barker ef al. (1974) collecied blood sam-
Pples from one sub-population of gquokkas living
on West End it sprng and at the end of sum-
mer  (1970/71). The weight differences
between the animals i spring and autumi
were marked, yet mean plasma urea con-en-
trations were similar, The field plasma urea
concentrations found by Burker &f al, {1974)
were significantly Jess thin plasma urea con-
centrations found in a group of male quokkas
fed on high-protein food for 3 moaths prior
to feeding them a low-proicin dict. Ia this
experiment 1t was found that quokkas wilk 2
low- mtrogen intake (~ 0.3 g N/dayv) and
given waler ed kb, had plasma urea concen-
tration reduced to 20 mg/100 m! within four
weeks. Thereafler plasmia urea cancenlrations
of most animals rose, Plasma urca concentra.
tions of quokkas feid the same diet but with o
restricted water inlake, fell to 40 mg/100 ml|
and then remained at this congentration

This pattern has not been found in the Kan-
garoo Island wallaby in a similar typc of
cxperimicat {Barker ¢f al. 1970). Wallabics feid
on « low nitrogen diet showed a progressive
fall in plasma urca concentration over a two-
month period. In & group fed a similar diet
but with restricted water intake, plasma urea
concentrations also fell but remained higher
than in (he control group throughout the
experiment. It seems most probable that in
botly the cxperiments with the quokka and

“BROWN, G. D. 11964),—The nitrogen requirements of macropod marwupials. Ph.D. thess, University

of Western Awstralia (urpoblished).
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Kangaro¢ Island willuby, the higher plasma
wrea concenirutivn (n water restricted animals
is a reflection ol o Iowered and inadequite
energy intake. Waler restriction below the ad
{ib. intake results in nn immediale dechine in
appetite and thus in dry matter intake, The
actual reduction in dry matter intake appears
to be correluled with the severity ol water
restriction comparcd with the ad lib. intake.
This seems to be constant in individual animals
though it fluctuates widely fehween andividual
animals

Two isolated short-term swdles have also
been carried out on Rotwnest I quokkas, Her-
rick (19617 measurcd adrenal wscorbic acid
concentration of Rotinest I and experimental
unimals ty determine changes 11 adrenal func-
tion during summer strexs, but his Tesults were
inconclustve: Packer (1968) counted cosiso-
phil nunibers in blood samples taken trum
quokkas on Rottnest |. at different times of
1he year to deferiminc whether changing popu-
fation density caused changes in circulating
cosinophils. He tound no consistent frerl that
suggested changes at difieeent times of the
yeur.

Nature of the Summer Stress

So Tur the only evidenee of disease affecting
the quokkas on Rottoext I has come from fhe
work of Gibh es all {1966) who deseribed the
oceurrence of Toxoplasmosis on Rotinest T. hut
tmly from aniinals captured in The vicinity of
the settlement on the esstem cnd of the island.
Tt is expecied That pther infeclive agents will
sventually be described after a diligent search
has heen mude fol them, but very litile
reseaich effort Bas been made in this impor-
tant direction,

The key to summir survival for the quokkas
un West FEnd is probably their success or other-
wise: W obtaining water from their food
plants. No permanent source of fresh-waler is
known lo occult further west than the main
lighthnuse during the summer. However, on
the night of March 22nd, 1957, the writer and
Df. E. P, Jlodpkin of the Department of
Zoology, observed about 20 quokkus on i@ nar-
1ow beach in Green Island Bay, beneath a low
clilf, The animale were lincd up at the water's
¢dpe and were npparently drinking sca watcer.
Trum close observation it was swen that the
animals were digging holes in the sand, near
to the waler's edge. before drinking. Waler
saiiples were taken from some of these holes
and Trom Lhe s2a $oine 12 inches from where
the quokkas were drinkmg. Analysis of the

sumples showed that the water sampled from
the hole it rhe sand was much fresher than
sca-water (Cl 0,519 ) while that taken from
Lhe sexs (CI 1.61% ) was slightly less salty than
normal sca water (C1 1,9% ), Casual nbserva-
tioh withuut collecting water samples ‘would
have led us to the conclusion that the guokkas
were deinking sead water. Az Bentley (1955)
found that the quokkn can maintain waler
balance wnder laboratory conditions drinking
2.5¢ NaCl (but not sea water) it sesms
reasonable to assume that animals drinking
scepape water were ahle In mainiain a positive
water halance.

Although water is csscntinl for the main-
tenance nf fluid spave, escretion and tempera-
ture regulation, one-of the first manilestations
of water shortage iz depressiun of appcetite. To
an anintal that may have to forage for suitable
fnod over fong distatices  and supvive the
stress period on a marginal dicl, Irom an
engrgy. point nf view, this could lead to a
slowly worsening starvation state, The animal
would gradually lose ‘weight, beconie weak,
and unlesg there was telief from o change in
the scuson, it vould eventually succumh. Store
{1964a) dicaled that although quokkas
which ifced on Carpobratuy al Cape Viamingh
may get suflicient watcr from  this . plant to
mect their reeds, their nitrogen intake would
certainly b educed below a reasopable intake
for maintcnance purposes and such animals
could &l inlo the scheme vutlined above.

Water is aiso an essenlial reguirement [or
thote animals living close o freshwater
soulces, particulasly during summer and this
fact has heen expluited for the captise of large
numbers of quokkas (Dunnct 1956). Acccss
10 water alone, hawever, is. not sullicient Tor
the maintenance of constant blood pirameters
Both Shield (1959) and Barker (1961)
showed that in angals with acgess tn drinking
watcr haemoglobin concentrations fell during
the summer though not as dramatically as in
animals captured on West End.

Despile o4 greal deal of work and speculition
on this problem,. there is still no clear-cut
answer (o the question of the nature of the
stress experienced by quokkas dunng the sum-
mer amid early witter. I1.i3 probable that some
animals surviving summer stress, but debilita-
ted by it, are Killed off when.the scason breaks
aivd they are Faced with eold and wet condi-
tions. Barker ef ol (1974} found that 8 out nf
11 yuokkas that had survived for 8 weeks on
a low nilmogen intake, died in 10 days when
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night and early morping terperatuies fell pver
a short period.

Tiere is 1 strong possibility that lhe popula.
hon at West End Yaves u more severe stress
than those in the contral parts OF the wland.
At West End, quokkas ulmost certainly face
a less than adequate water intake, excepl for
thuse feeding on  Carpobroius at Cape
Viaruingh (Storr 1Y64a), as well as nutritional
stress, Quokkas hiving in the centre of 1he
island face a putritional siress only, water heing
available. A water shortage at West End would
result in quokkas having o decrcased dry mas-
fer intake cavsing a lowered nuitritional status
leading to anaemia. Il nitrogen intake of
yuokkis m the Lakes ancu becomes inadequate
in summer. Uty matter  intake would be
depressed also Jeading (o &nzemia- The nature
of the anuenia developed at each ares would
be similar despite a different ofigin ( Barker
ef el 1974).

Inadequate water intake does noi necessarily
lead to haemo-concentration {Barker ef al.
1974}, Shicld's (1959} conclusion that water
intake is. not limited on West End in summer
was based on the results of his experiment
where no-water whatever was provideil for the
expertmenial animuls. This situation never
oceurs on West End as although mwisture con-
tent of food planty is reduced during summer
(Storr 19644), the reduction In waler intake
s it likely lo be muzh grezter than half of
the ad [k, requirement. Shiekt {19713 showed
thit & devrease in bluod volume does occur in
West End animals during the autumn relative
k1 blood volumes of” West End animals meas-
uged in the spring. However, the difference was
die tn o reduction in red cell mass, not in
plasma volome. a finding not incompatible
wih the thedis ol 4 restricted water intake
exerting a pulritional effect through loss of
appefite.

Although the figures for nitrogen. requise-
ment of the quokka given by Storr (1964a)
are tao |imited tv be conclusive, it seems from
his data thot nitropen intake al West End

could be less thun the maintcnance require-
ment. However, the possibility that nitrogen
shortage alonc citnses the debility seetns remote
In & complex situation, where nitrogen is likely
to be only one of severnl componeits of Ihe
dien which arc scasonally deficient,

Future of the Rottoest: Quokka

Despite the obviously deteriorsting ehviron-
ment ot Rolinest [, caused mainly by human
clivities but also affected by natural erosion,
the quokka population is surviving. Some of
the differcnces between the Rottoest T, envir-
onmentamd that of one area where the quokka
sull occurs on the adjacent mainland, hyve
been outlined by Storr {1964b). In anc way,
Roitnest is totally uniike the mainland siluation
in tut no predators arc present. It lhey wete.
the population would be reduced asx 1hoee
animais weakencd by scasonal influences would
fall casy prey 1o a4 predator,

The yuokka has a considerable and unique
value as a natural resource and it is to be
hoped that it has 4 guaranteed Folure on Rott-
nest L “The value ol the island as 4 1mining
ground for scientists has been stressed hy
Main {1959, 1967) und this is largely becauss
of the occurrence there of the quokka, How-
cver. the greatest value of the quokks lies in
its asset s a tourist sltruction. I is fo be hoped
that the Western Awustralian  Governmeni
Tourist Burcau, which controls the island, daes
not uncerrate this assct and tukes poaitive
steps towards tnsuring the permanent survival
of the quokka on Rottnest 1.
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